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Lunsford, L. D. 1963. Comparison of soils and vegetation on five 
undisturbed limy upland range sites in Ellis county, Kansas. 
The purpose of this invrstigation was to collect information on 
basal cover, percentage composition, yield of grasses and common forbs 
found on five undisturbed prairies, as well as a detailed description 
of the limy upland soils. 
Sites selected were located on four different limestone formations 
of varying geologic age. The four formations included the Ash Hollow 
member of the Ogallala formation; Fort Hays limestone member of the 
Niobrara formation; Fairport Shale member of the Carlile Shale 
formation; and the Bridge Creek limestone member of the Greenhorn 
formation. 
Basal cover and percentage composition of grasses were determined 
by use of point frame transects established at random. Data collected 
were subjected to statistical analyses. 
Forage yields were determined from clippings made the first two 
weeks in October, 1962. Eight square meter quadrats were clipped at 
random, on each area, to determine seasonal yield of grasses. Average 
yield of air-dried forage for each area was computed and converted to 
pounds per acre. 
Profile descriptions were taken at approximately the center of each 
study area. Soil samples were collected individually, thoroughly mixed 
and color coded. The percentage of each textural soil component and 
the hydrogen-ion concentration of the soil solution was determined. 
Soils of these sites were closely related in surface and subsoil 
characteristics, depth, position and general mode of development, but 
were derived from different parent materials. 
The dominant grasses were big bluestem (Andropogon gerardi), little 
bluestem (Andropogon scoparius), side-oats grama (Bouteloua curtipendula) 
and blue grarna (Bouteloua gracilis), with big bluestem furnishing over 
50 percent of the total vegetative composition on four of the sites. 
Side-oats grama was the second principal grass and averaged 25 percent of 
the composition on all sites. Varying amounts of little bluestem and 
blue grama were found. Basal cover varied from 20.1 perc~nt to 26.6 
percent. 
Considerable variations were noted in total yields even though 
little variation existed in basal cover on the five sites. The greatest 
total production for a single area was 4, 593.7 pounds of air-dried forage 
per acre, while the lowest was 2, 717.3 pounds per acre. 
Big bluestem was the principal producer on four of the sites and 
produced 50 percent or more of the total vegetation on each site, while 
side-oats grama furnished over one-half of the total production on the 
other site. Other significant producers were little bluestem, blue 
grama and on several sites, tall dropseed (Sporobolus asper). 
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Range research furnishes basic information, guides, and procedures 
for the intelligent management of range lands. Growth and development of 
range management in western Kansas has been gradual, reflecting the 
increasing need for more facts to obtain the highest use and maximum 
benefits from the state's greatest resource. 
Range land may be defined as land where present soils and climate, 
in conjunction with plant succession, produces natural pastures. Many 
research ecologists depend upon partial remnants of climax plant 
communities to indicate potential grazing values of specific soil and 
climatic complexes (sites); and upon secondary succession to restore 
the vegetative cover where it is below potential. 
Range sites may be defined as types of range land which differ in 
capacity to produce a significantly different kind or amount of clima.x 
vegetation. A significant difference in vegetation would be one large 
enough to require different grazing use or management to maintain or 
improve the resource. 
A range site is best described in terms of physical habitat factors; 
specifically, soil (rooting medium for plants), climate (average weather) 
and of equal importance, natural vegetation. The nw:nber of range sites 
described for a region is determined by significant differences in the 
climax vegetation of the natural grazing lands in that region. 
Five undisturbed, limy upland range sites were studied in western 
Kansas. Soils of these sites were closely related in surface and subsoil 
characteristics, depth, position and general mode of development, but were 
derived from different parent materials . 
The purpose of this investigation was to collect information on 
basal cover, percentage composition, yield of grasses, and a listing 
of forbs found on these undisturbed prairies. 
The results of this study should add to the general knowledge of 
the grassland vegetation of western Kansas and indicate some of the 
variations that exist. The data should aid the people connected with 
the technical phase of farm and ranch planning and be of some value to 




The task of maintaining grazing lands in a high state of productivity 
is fundamentally based upon a knowledge of the native vegetation. 
Clements (1920) first recognized the mixed prairie as a distinct 
plant association and described its nature, range and grouping of 
dominants. Since 1920, the mixed prairie from Canada to Mexico has 
been the subject of numerous investigations. Coupland ( 1950) gave a 
detailed description of plant communities in Canadian grass lands. Range 
types in eastern Wyoming and eastern Colorado were recorded by Costello 
(1944). Hanson and Whitman (193 8) listed 9 major grasslands based on 
variations in soil and topography in western North Dakota. Hopkins (1951), 
working on the loessial soils of central Nebraska, divided the area into 
short grass, mixed grass, mid- and tall grass, and western wheatgrass 
(Agropyron smithii) communities. Bruner (1931) described the mixed 
prairie and short grass regions of Oklahoma. Cottle (1931) described 
the vegetation of southeast Texas, a part of which was origin ally dominated 
by mixed prairie vegetation. 
Many ecological studies have been made of grasslands of the mixed 
prairie near Hays, Kansas. With the exception of drought studies covering 
broad areas (Albertson 1938, 1939, 1941, 1942, 1943; Weaver and Albertson 
1936, 1939, 1940a, 1940b; Albertson and Weaver 1942, 1944, 1946), most of 
the investigations in western Kansas have been limited to the vicini t y of 
Hays. 
Albertson (1937) was the first to conduct a study of environmental 
factor s and vegetation types of the mixed prairie in the Hays area. 
He divided the mixed prairie, near Hays, into three types. The short 
grass type occupied the high level land; little bluestem (Andropogon 
scoparius) type and its associates were most common on the shallow 
soils of the hillside, and the big bluestem (Andropogon gerardi) type 
dominated the lowland and ravines. Albertson (1943) presented a 
three-year study of basal cover and yields of short grass, little 
bluestem and big bluestem types of vegetation near Hays. Albertson, 
4 
et al. (1953) studied the effects of different intensities of clipping 
on cover, composition and yield of the short grass type. Riegel, al. 
(1950) worked on yield and consumption of vegetation on three range 
sites near Hays. Tomanek and Albertson (1953) studied cover, composition 
and yield on three different range sites in the same area. Numerous 
other studies have been conducted on vegetation of the mixed prairie, 
but little research has been done on comparison of soils and vegetation 
on limy upland range sites. 
GEOLOGY OF ELLIS COUNTY 
Ellis county is approximately 30 miles square, contains about 
576,000 acres and lies at the eastern margin of the High Plains 
(Bass, 1927). Characteristic topographic features are broad, relativel y 
flat upland benches deeply incised by numerous drainage channels. The 
altitude of the surface, above sea level, ranges between 2,400 feet near 
the southwest corner of the county to 1,700 feet in the northeastern 
part, where the Saline River crosses the county boundary (Bass, 1927). 
Geology of Ellis county is comparatively simple. The rock column 
of the county has a regional dip of about 10 feet to the mile in a 
slight northeasterly direction (Bass, 1927). Formations may be 
considered as made up of alternating horizontal beds of limestone 
and shale, of varying thickness (Fig. I). Principal rock beds may 
be seen along stream courses and on steeper hill slopes, where erosion 
has removed the overburden. Oldest of these rock beds are exposed in 
the eastern part of the county, while rock beds of the western part of 
the county are of youn ger geologi c age (Moore,~ al. 1951). 
Soils of Ellis county were developed principally on mantlerock 
materials of Cretaceous age ( Mesozoic era) with occasional small 
areas in the western edge of the county where the limy sandstones of 
the Ogallala formation of Pliocene age were exposed (Moore,~ al. 1951). 
Due to the widely divergent topography and variations in parent 
materials, soils of Ellis county are highly variabl e. Sites selected 
for study were located on four different limestone formations of 
varying geologic age. The four formations included were the Ash Hollow 
member of the Ogallala formation; Fort Hays limestone member of the 
Niobrara formation; Fairport Shale member of t he Carlile Shale formation; 
and the Bridge Creek limestone member of the Greenhorn formation (Fig. II). 
For the most part, soils of the areas are included in the Chernozem soil 
group. 
METHODS 
Basal cover and percentage composition of grasses were determined 
by use of the point frame (Levy and Madden, 1933). Point frame transects 
were established at random, crisscrossing the study areas. Five hundred 
frames, utilizing 5,000 points, were recorded on each area at arm length 
intervals. A listing of the common forbs found on each area was also 
made. 
Data collected were subjected to statis tical analysis. The T-test 
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Figure II. Approximate locations of different parent material formations 
in Ellis county, Kansas . 
(Fisher, 1954) was used to compare the four most abundant grasses 
big bluestem, little bluestem, side-oats grama (Bouteloua curtipendula) 
and blue grama (Bouteloua gracilis) on the five areas. 
Forage yields on each area were determined from clippings made 
0 
the first two weeks in October, 1962. Eight square meter quadrats were 
clipped at random, on each area, to determine seasonal yields of grasses 
(Weaver and Clements, 1938). Harvested forage of each quadrat was 
placed separately, by species, in paper bags, labelled appropriately 
and allowed to air dry. Average yield of dried forage for each area 
was computed and converted to pounds per acre. 
Scientific and common names of grasses used in this thesis agree 
with Hitchcock and Chase (1950). Nomenclature for broad-leaved 
herbaceous plants follows Rydberg (1932) and Anderson (1961). 
Profile descriptions were taken at approximately the center of 
each study area. Soil samples were collected individually, by horizons, 
with the geotome (Jamison,~ al. 1950) and placed in appropriately 
labelled soil tins. Soil samples of each horizon were thoroughly mixed 
and color coded by the 1954 pocket edition of Munsell book of color. 
Triplicate samples of each were subjected to mechanical analysis. The 
hydrometer method was used to determine the percentage of each of the 
textural components of the soil (Bouyoucos, 1936). The Beckman Zeromatic 
pH meter was used to determine the hydrogen-ion concentration of the soil 
solution. A 10-part water to 1-part soil paste (10 grams soil in 100 cc.· 
of distilled water), recommended by McGeorge (1938) for highly calcareous 
soils, was used in pH determinations. 
Slope of each area was determined by use of the topographic Abney 
hand level (Model No. 5713TP). 
Soil series names appearing in this thesis are tentative series 
names proposed and used in the Standard Survey of Ellis county, Kansas. 
The names have been recommended to the state correlator but are not 
established series. 
RESULTS 
"Clark" Soil Area 
Study area number one, referred to as the "Clark" soil area, is 
located approximately 1. 5 miles west and 4. 5 miles north of Ellis, 
Kansas, in the southwest ¼ of section 18, T 12 S, R 20 W. The area was 
located between the county line road and a pasture fence, where the 
road curves due to the topography of the land. The area was characterized 
by a gentle 2 percent southwest-facing slope. 
Soils. Soils of the "Clark" area were derived from the Ash Hollow 
member of the Ogallala formation (Moore,~ al . 1951). Due to the 
cementation of some of the beds with lime carbonate, the soils greatly 
resemble a mortar of coarse material and the hardened portions have 
been called "Mortar Beds" (Bass, 1927). 
The Ogallala formation overlies the Niobrara formations in the 
northwestern part of Ellis county and is characterized by shallow soils 
with occasional deep "pot holes" of silty parent material. 
The "Clark" series consists of regosolic, dark colored, medium to 
moderately fine textured soils, with shallow, well defined, immature 
profiles, with high water-holding capacity. The soil was weakly to 
strongly calcareous to the surface with strongly calcareous subsoils, 
well-drained and of high fertility. 
The following profile description of the "Clark" soil is representative 








(l0YR 4/1 dry) dark gray to (l0YR 3/2 moist) 
very dark grayish brown; silty clay loam 
texture; weak fine granular structure; dry 
slightly hard, friable moist; few worm casts; 
many fine roots, weakly to strongly calcareous; 
few minute limestone fragments; abrupt boundary 
to: 
(l0YR 5/2 dry) grayish brown to (l0YR 4/3) dark 
brown moist; silty clay loam texture; weak 
granular structure; many worm casts in upper 
part giving the horizon a mottled appearance; 
many fine roots, violently calcareous; dry 
slightly hard, friable moist; few large limestone 
fragments present; smooth boundary to: 
(l0YR 7/2 dry) light gray to (l0YR 6/4 moist) 
very pale brown; silty parent material; massive 
structure; violently calcareous; few fine roots; 
few worm casts in upper part. 
Soil texture refers to the proportions of sand , silt and clay present 
in the soil mass. Table I presents the propor t ions of sand, silt and 
clay present, as well as the hydrogen-ion concentration of the soil 
solution of each horizon on the "Clark" soil site. 
Composition and Basal Cover of Vegetation. Vegetation on the 
shallow regosolic soils of the "Clark" area was dominated by short and 
mid-grasses, with small scattered clumps of tall grasses growing in 
isolated bunches on the deep "pot holes" (Fig. III). 
The principal grass on this undisturbed upland was side-oats grama; 
blue grama formed a thick understory thus helping to provide a high basal 
cover of 26.6 percent. Side-oats grama comprised 70.1 percent of the 
vegetation with a frequency of 69.2 percent (Table II). The upperstory 
was composed of big bluestem and it comprised 11.4 percent of the 
vegetation with a frequency of 15.4 percent. Blue grama was the most 
Table I. Averages of soil composition and soil solution pH on the 
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* The textural names of various soils were determined by using 
the diagram presented by Thompson (1957). 
.L..t: 
lL 
Figure III. General view of "Clark" soil area. Note scattered bunches 
of big bluestern. 
Table II. Percentage composition, frequency and basal cover of grasses 
on the "Clark" limy upland range site. 
Species Percentage Percentage 
composition frequency 
Side-oats grama 70.1 69.2 
Blue grama 17.5 23.2 
Big bluestem 11.4 15.4 
Little bluestem 0.4 0.4 
Three-awn spp. 0.3 0.6 
Buffalo grass 0 .2 0.4 
Hairy dropseed 0.2 0.4 
Basal cover 26. 6 
abundant short grass and furnished 17.5 percent of the vegetative 
composition. Other grasses found in small amounts were little ·bluestem, 
three-awn species (Aristida ~.), hairy dropseed (Sporobolus pilosus) 
and buffalo grass (Buchloe dactyloides). 
Although the dominant plants of the undisturbed prairie were grasses, 
forbs were abundant and formed a conspicuous part of the vegetation. 
The most abundant forbs on the "Clark" soil area were western ragweed 
(Ambrosia psilostachya), stiff goldenrod (Solidago rigida) , dotted 
gayfeather (Liatris punctata) and wavyleaf thistle (Cirsium undulatum) 
( Table III). 
Forage Production . Considerable variation was noted between 
side-oats grama yields and other species present on the area. 
• Total yields for the "Clark" soil area were 2,717.3 pounds of 
air-dried forage per acre. Side-oats grama was the largest producer 
with a production of 1,726.8 pounds of forage per acre (Table IV). 
Big bluestem was the second largest producer, furnishing 660.6 pounds 
of air-dried forage per acre . Blue grama, little bluestem and three-awn 
species produced 143.7, 179.1 and 8.2 pounds per acre, respectively. 
"Clark Deep Phase" Soil Area 
Study area number two, referred to as the "Clark Deep Phase" soil 
area, is located approximately 9 miles north and 4.5 miles west of 
Hays, Kansas, in the southwest ¼ of section 14, T 12 S, R 19 W. The 
area was a part of an abandoned farmstead which has been idle for the 
past thirty years. The area is characterized by a fairly sharp 3 percent 
west-facing slope. 
Soil phase was a subdivision of the soil type based on characteristic 
differences in slope, soil depth, erosion, or rockiness of the soil profile. 























Serr ateleaf evening primrose 
Wild alfalfa 
Prairie cone flower 
Stiff goldenrod 
Soap weed 
Table IV. Forage yields of grasses in pounds per acre on the "Clark" 
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Soil depth was the limiting factor between the "Clark" and the "Clark 
Deep Phase" soil areas. 
Soils. Soils of the "Clark Deep Phase" area were derived from 
the Ash Hollow member of the Ogallala formation (Moore, et al. 1951). 
They included moderately well-developed, medium textured Chernozemic 
soils, developed in loess that was mixed with residium from the limestone 
at the time of deposition. Deep, well-defined, immature profiles, with 
high water-holding capacity, were characteristic of this soil. Soils 
of the area were weakly to strongly calcareous to the surface with 
strongly calcareous subsoils, well-drained and of high fertility. 
The following profile description of the "Clark Deep Phase" soil 








(lOYR 3/1 dry) very dark gray to (lOYR 2/1 moist) 
black; silty clay loam texture; strong granular 
structure; many roots; many worm casts; few 
minute limestone fragments; weakly calcareous; 
slightly hard dry, friable moist; clear smooth 
boundary to; 
(lOYR 6/1 dry) gray to (lOYR 5/2 moist) grayish 
brown; silty clay loam texture; moderately weak 
granular structure; gravelly; violently calcareous 
with one-fourth to one-half inch diameter 
limestone fragments; many fine roots; many worm 
casts; slightly hard dry, friable moist; grades 
to: 
(lOYR 7/1 dry) light gray to (lOYR 6/4 moist) 
light yellowish brown; silty clay loam texture 
massive structure; violently calcareous; porous; 
gravelly; minute to large limestone fragments; 
grades to: 
(lOYR 8/2 dry) white to (lOYR 7/6 moist) yellow; 
silty parent material; massive structure; 
violently calcareous. 
Mechanical analys i s and pH values of the "Clark Deep Phase" soil 
are presented i n Table V. 
Composition and Basal Cover of Vegetation. Basal cover on the 
"Clark Deep Phase" soil area was 22.8 percent . The dominant grasses 
were big bluestem and side-oats grama, which furnished over 75 percent 
of the vegetation (Table VI). Big bluestem was the dominant grass 
and comprised 53.9 percent of the vegetation with a frequency of 63 . 6 
percent (Fig. IV). Side-oats grama and little bluestem were the second 
and third most abundant species and comprised 24 . 9 and 11.4 percent 
of the vegetation, respectively. Little bluestem was found on areas 
where the soil was more porous due to limestone fragments throughout 
the soil profile. Other grasses found in small amounts on the "Clark 
Deep Phase" soil site were Canada wildrye (Elymus canadensis) 1 tall 
dropseed (Sporobolus asper), switchgrass (Panicum virgatum), western 
wheatgrass (Agropyron smithii), hairy dropseed , three-awn species and 
blue grama. Due to the thick upperstory of tall and mid-grasses, a 
very low percentage of short grass was found on this site. 
Forbs were quite plentiful on the area with western ragweed, 
dotted gayfeather and Missouri goldenrod (Solidago missouriensis) 
bein g the most abundant (Table VII). 
Forage Production. The principal species on the "Clark Deep 
Phase" soil area were tall and mid-grasses with big bluestem furnishing 
over one-half of the total production. Total production for the site 
was 4 ,593.7 pounds of air-dried forage per acre, with big bluestem 
producing 2,602.9 pounds (Table VIII). Little bluestem was second 
in production and produced 1,394.18 pounds per acre. Side-oats grama, 
tall dropseed and Canada wildrye produced 3 21.0, 261.2 and 14.5 pounds 
Table V. Averages of soil composition and soil solution pH on the 
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48.7 16.6 34.8 
43.7 27.6 28.8 














* The textural names of various soils were determined by using the 
diagram presented by Thompson (1957). 
Table VI. Percentage composition, frequency and basal cover of grasses 
on the "Clark Deep Phase" limy upland range site. 
Species Percentage Percentage 
composition frequency 
Big bluestem 53.9 63.6 
Side-oats grama 24.9 33.0 
Little bluestem 11.4 13.6 
Blue grama 3.0 4. 8 
Tall dropseed 3.0 3.6 
Canada wildrye 2.4 4.6 
Western wheatgrass 1.1 1.8 
Three-awn spp. 0.1 0.2 
Hairy dropseed 0.1 0.2 
Switchgrass 0.1 0.2 
Basal cover 22.8 
Figur e IV. General view of "Clark Deep Phase" soil area showing thick. 
mat of mid- and tall grasses . 
Table VII. Listing of common forbs on the "Clark Deep Phase" limy 
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Table VIII. Forage yields of grasses in pounds per acre on the "Clark 
Deep Phase" limy upland range site. 
Species Yield, 
pounds per acre 











per acre, respectively . 
"Alcester" Soil Area 
Study area number three, referred to as the "Alcester" soil area, 
is located approximately 2.5 miles southwest of Hays, Kansas, in the 
southwest ¼ of section 6, T 14 S, R 18 w. The area is located on the 
Fort Hays Kansas State College Farm and is part of a 35-acre prairie. 
The area is characterized by a long, gentle 3 percent east-facing slope . 
Soils. Soils of the area were derived from the Fort Hays limestone 
member. The Fort Hays limestone is the lower member of the Niobrara 
formation (Fig. I) and includes massively bedded cream-colored chalk or 
very chalky limestone, aggregating about 55 feet in thickness ( Moore, 
et al. 1951). In contrast with the chalk of the overlaying Smoky Hill 
Marl member, the rocks of the Fort Hays member appear slightly coarser 
in texture and somewhat harder (Bass, 1927). 
The area included medium developed, moderately fine-tex tured 
Chernozemic soils developed from residium material of the Fort Hays 
limestone mixed with loess. Deep, well-defined, immature profiles, 
with high water-holding capacity, were characteristic of this soil. 
The soil was weakly to strongly calcareous to the surface with strongly 
calcareous subsoils, well drained and of high fertility. 
The following profile description of the "Alcester" soil is 





(lOYR 4/1 dry) dark gray to (lOYR 2/2 moist) 
very dark brown; silty clay loam texture; 
strong granular structure; many worm casts, 
giving the horizon a mottled appearance; 











to one-half inch diameter limestone fragments; 
slightly hard dry, friable moist; smooth 
boundary to: 
(l0YR. 6/1 dry) light gray to (l0YR. 4/2 moist) 
dark grayish brown; silty clay loam texture; 
weak to moderate medium granular structure; 
many worm casts giving the horizon a mottled 
appearance; small amounts of segregated 
limestone; violently calcareous; porous; many 
fine roots; slightly hard dry , friable moist; 
smooth gradual boundar y to: 
(l0YR. 6/3 dry) pale brown to ( l0YR 5/4 moist) 
yellowish brown; silty clay loam texture; 
weak coarse prismatic structure breaking to 
weak fine granular structure; few worm casts; 
few fine roots; porous; violently calcareous; 
slightly hard dry, friable moist; few one-half 
inch limestone fragments; abrupt boundary to: 
(l0YR 7/2 dry) light gray to (l0YR 6/6 moist) 
brownish yellow; weak coarse prismatic to 
massive structure; few very fine roots; many 
varying sizes of limes t one fragments; slightl y 
hard dry, friable mois t . 
The proportions of sand, silt and clay as well as the hydrogen-ion 
concentration of the soil solution of each horizon on the "Alcester" soil 
site are presented in Table IX. 
Composition and Basal Cover of Vegetation. The area under study , 
protected from grazing since about 1902, has attained a vegetative cover 
dominated by mid- and tall grasses (Fig. V). Dominant grasses found on 
the area were big bluestem, side-oats grama and little bluestem, with 
blue grama forming an understory in open areas. 
Basal cover on the "Alcester" soil area was 20.1 percent. The 
most abundant grass on the area was big bluestem which comprised 50. 8 
percent of the vegetation, wi th a frequency of 62.0 percent (Table X). 
Table IX. Averages of soil composition and soil solution pH on the 












Sand Silt Clay 
(0-6") 23.6 45.3 31.1 Light clay loam* 7.20 
(6-13") 29.2 36.4 34.4 Clav loam 7.75 
(13-26 ") 21.2 40.0 38.8 Clay loam 7.65 
(26-43"+) 22.0 39.6 38.4 Clay loam 8.00 
* The textural names of various soils were determined by using 
the diagram presented by Thompson (1957). 
Figure v. General view of the "Alcester" soil area. 
Table X. Percentage composition, frequency and basal cover of grasses 
on the "Alcester" limy upland range site. 
Species Percentage Percentage 
composition frequency 
Big bluestem 50.8 62.0 
Side-oats grama 30.4 35.8 
Blue grama 12.2 13.6 
Little bluestem 4. 6 5.2 
Western wheatgrass 0.8 1.4 
Tall dropseed 0.6 1.0 
Buffalo grass 0.3 0.6 
Switchgrass 0.2 0.4 
Windmill grass 0.1 0.2 
Basal cover 20.1 
Side-oats grama was abundant throughout the area intermixed with the 
big bluestem. It comprised 30.4 percent of the composition and had a 
frequenc y of 35.8 percent. Little bluestem was abundant on areas where 
the soil was more porous due to rock fragments throughout the soil 
profile. In the "Alcester" soil area, little bluestem was more 
generally located on the upper portions of the slope. Blue grama was 
found throughout the site where open areas occurred between the taller 
species. Blue grama comprised 12.2 percent of the vegetation on 
"Alcester" site and had a frequency of 13.6 percent. Other grasses 
found in small amounts on the site were western wheatgrass, tall 
dropseed, switchgrass, buffalo grass and windmill grass (Chloris 
verticillata). The most abundant forbs were broom snakeweed, 
western ragweed and stiff goldenrod (Table XI). 
Forage Production. Seasonal y ields of grasses on the "Alcester" 
soil are presented in Table XII. Total production for the site was 
2,859.2 pounds of air-dried forage per acre, with big bluestem furnishing 
nearly 75 percent of the total. Big bluestem produced 2,117.3 pounds 
of forage per acre, while side-oats grama and little bluestem produced 
322.5 and 153.7 pounds of forage, respectively. Blue grama was the 
largest short grass producer on the site with a pro duction of 205.3 
pounds per acre. Western wheatgrass was also a significant producer 
on the "Alcester" site, occurring on the lower slopes where spots of 
heavier clay were present. 
"Corinth" Soil Area 
Study area number four, referred to as the "Corinth" soil area, 
is located approximately one mile east and 8 miles north of Walker, 
Kansas, in the southwest ¼ of section 26, T 12 S, R 16 W. The area was 


































Whit e sweet clover 
Serrateleaf evening primrose 
Purple prairie clover 
White milk wort 
Wild alfalfa 





Table XII. Forage y ields of grasses in pounds per acre on the 
"Alcester" limy upland ran ge site. 
Species Yield, 
pounds per acre 
















2,859 . 2 
located in a corner of a cultivated field, but due to a drainage draw 
running on an angle through the edge of the field, the area had not been 
disturbed. However, since the completion of research on the area, it 
has been fenced and was grazed in conjunction with the winter wheat on 
the adjacent field. 
Soils. The "Corinth" soil site was comprised of well-drained 
Chernozemic regosols of silty clay loam texture that were developed 
from the highly calcareous shales from the Fai rport member of the 
Carlile shale formation (Moore, al. 1951). The Fairport chalky 
shales constitute the lower member of the Carlile shale formation 
(Fig. I) and occupy a broad area of low relief in the southern 
and eastern part of Ellis county (Fig. II). The member was composed 
of calcareous shale, including thin beds of chalky limestone, which 
occur in greatest abundance toward the base (Bass, 1927). On fresh 
exposures it is bluish, but where it is weat e red, the surface is a light 
orange-tan color. Soils of the "Corinth" site had deep, well-defined, 
immature profiles, with high water-holding capacity, were well drained 
and of high fertility. 
The following profile description of the "Corinth" soil site was 





( lOYR. 4/1 dry) dark gray to (lOYR 3/3 moist) 
dark brown; silty clay loam texture; s trong 
granular structure; many worm casts gives the 
horizon a mottled appearance; many roots; 
strongly calcareous; slightly hard dry, 
friable moist ; few minute limestone fragments; 





"Corinth" ( continued) 
Description 
(lOYR 5/3 dry) brown to (lOYR 4/3 moist) dark 
brown; silty clay loam texture; strong granular 
structure; many worm casts; many roots; hard 
dry, friable moist; thin thread-like lines of 
limestone; violently calcareous; clay films 
porous; gradual boundary to: 
(lOYR 6/3 dry) pale brown to (lOYR 5/4 moist) 
yellowish brown; silty clay loam texture; 
weak subangular blocky structure; violently 
calcareous; with few decayed fragments of 
limestone; peds darker inside than out; few 
fine roots; few worm casts; hard dry, friable 
moist; smooth boundary to: 
(lOYR 6/6 dry) brownish yellow to (lOYR 5/8 
moist) yellowish brown; silty clay loam 
texture; weak prismatic to massive structure; 
peds darker inside than out; thin thread-like 
bands of shale; violently calcareous; few fine 
roots; slightly hard dry, friable moist. 
Mechanical analysis of the profile (Table XIII) ind icated a 
sharp transition existed between the amounts of sand and clay in the 
A1 horizon and the lower horizons, while there was little change in the 
hydrogen-ion concen tration of the soil solution. 
Composition and Basal Cover of Vegetation. Basal cover on the 
"Corinth" soil area was 21 . 4 percent . The dominant grasses were big 
bluestem, little bluestem and side-oats grama, with a very small 
percentage of short grasses (Fig. VI). Big bluestem comprised 54.6 
percent of the vegetation, while little bluestem furnished 24.5 percent 
of the vegetation (Table XIV). Side-oats grama was intermixed throughout 
the area and had a vegetative composition of 17 •. 6 percent, with a 
frequency of 26.4 percent. Other grasses found in small amounts on 
the area were blue grama, Indian grass (Sorghastrum nutans) , buffalo 
grass, tall dropseed, switchgrass and three-awn species. 
Table XIII. Averages of soil composition and soil solution pH on the 












Sand Silt Clay 
(0-8") 38.0 28.9 33.1 Light clay loam* 7.20 
(8-19") 21.2 27.2 51. 6 Clay 7.25 
(19-33") 19.6 22.9 57.5 Clay 7.60 
(33-43"+) 27.2 19.3 53.5 Clay 7.35 
* The textural names of various soils were determined by using 
the diagram presented by Thompson (1957). 
Figure VI. General view of the "Corinth" soil area. 
Table XIV. Percentage composition, frequency and basal cover of grasses 
on the "Corinth" limy upland range site. 
Species Percentage Percentage 
composition frequency 
Big bluestem 54.6 59.2 
Little bluestem 24.5 24.8 
Side-oats grama 17.6 26.4 
Blue grama 2.3 4.0 
Indian grass 0.3 0.4 
Buffalo grass 0.3 0.2 
Tall dropseed 0.2 0.4 
Three-awn spp. 0.1 0.2 
Swi tchgrass 0.1 0.2 
Basal cover 21.4 
Forbs were quite plentiful on the "Corinth" soil site with broom 
snakeweed, western ragweed and dotted gayfeather being the most 
abundant (Table XV). 
Forage Production. The principal species on the "Corinth" soil 
area were mid- and tall grasses with big bluestem, little bluestem 
and side-oats grama furnishing over 95 percent of the total production. 
Total production for the area was 3,216.6 pounds of air-dried forage 
per acre with big bluestem and little bluestem producing 1,905.6 
and 1,036.5 pounds of forage, respectively (Table XVI). Side-oats 
grama was third in production and produced 179.9 pounds of forage 
per acre. 
''WaKeeney" Soil Area 
Study area number five, referred to as the "WaKeeney" soil area, 
is located approximately 10.5 miles south and 6.5 miles east of Hays, 
Kansas, in the northeast¼ of section 28, T 15 S , R 17 W. The area is 
on limestone cliffs approximately 150 feet above the north bank of 
the Smoky Hill River (Fig. VII). The area is in a corner of a cultivated 
field and due to its location, has not been cultivated or grazed 0 The 
area is characterized by a long, gentle 3 percent east-facing slope. 
Soils. Soils of the "WaKeeney" soil area were derived from the 
Bridge Creek member (Fig. I) of the Greenhorn formation. The Bridge 
Creek member consisted of the two uppermost members of the Greenhorn 
formation and included the Pfeifer shale member and the Fencepost 
limestone beds (Moore, et al. 1951). Soils of the area consisted of 
regosolic, dark colored, calcareous, medium to moderately fine textured 
soils developed from the soft shale or l imestone residium. The soils 
of the area were characterized by deep, well-defined, immature profiles 


























Serrateleaf evening primrose 
Purple prairie clover 
Wild alfalfa 
Prairie cone flower 
Missouri goldenrod 
Stiff goldenrod 
Table XVI. Forage yields of grasses in pounds per acre on the "Corinth" 
limy upland range site. 
Species Yield, 
pounds per acre 











Figure VII. General view showing location of "WaKeeney" soil area 
above the north bank of the Smoky Hil 1 River. 
of high fertility. The area was well drained and had strongly calcareous 
surface and subsoils. 
The following profile description of "WaKeeney" silty clay loam 








(lOYR 4/1 dry) dark gray to (lOYR 3/2 moist) 
very dark grayish brown; silty clay loam 
texture; strong granular structure; with many 
worm casts giving the horizon a mottled appearance; 
many roots; violently calcareous; slightly hard 
dry, friable moist; few minute limestone 
fragments; smooth boundary to: 
(lOYR 5/2 dry) grayish brown to (lOYR 4/2 moist) 
dark grayish brown; silty clay loam texture; 
strong granular structure; many worm casts gives 
the horizon a mottled appearance; violently 
calcareous; many roots; slightly hard dry, 
friable moist; limestone fragments one-fourth 
to one-half inch in diameter; some soft decayed 
limestone fragments; abrupt boundary to: 
(lOYR 7/2 dry) light gray to (lOYR 5/3 moist) 
brown; silty clay loam texture; weak prismatic 
to massive structure; few worm casts; porous; 
few fine roots; varying size limestone fragments; 
hard dry, friable moist; violently calcareous; 
smooth boundary to: 
(lOYR 8/2 dry) white to (lOYR 7/2 moist) light 
gray; silty texture; massive structure; shows 
bedding planes in the upper part of horizon 
and becomes harder and more compact with 
depth. 
Table XVII presents the proportions of sand, silt and clay present, 
as well as the hydrogen-ion concentration of the soil solution of each 
horizon on the "WaKeeney" soil site. 
Composition and Basal Cover of Vegetation. Basal cover on the 
"WaKeeney" soil area was 23.2 percent. The dominant grasses were big 
bluestem and side-oats grama, with a small percentage of blue grama on 
Table XVII. Averages of soil composition and soil solution pH on the 













Sand Silt Clay 
(0-7") 32.0 37.3 30.8 Light clay loam* 7.25 
(7-19") 33.2 29.3 37.5 Clay loam 7.60 
(19-28") 30.0 18.9 51.1 Light clay 7.60 
(2 8-36") No analysis due to high lime content 
* The textural names of various soils were determined by using 
the diagram presented by Thompson (1957). 
the lower slope where the soil was shallower (Fig. VIII). Big bluestem 
comprised 62.2 percent of the vegetation with a frequency of 74.0 percent, 
while side-oats grama furnished 33.6 percent of the vegetative composition 
(Table XVIII). Little bluestem had nearly the same vegetative composition 
as blue grama and was also located on the shallow, rocky soil. Little 
bluestem comprised 2.9 percent of the vegetation with a frequency of 
4.4 percent, while blue grama comprised 4.9 percent of the vegetation. 
Other grasses found in small amounts were switchgrass and three-awn 
species. The most abundant forbs on the area were broom snakeweed, 
western ragweed, dotted gayfeather and stiff goldenrod (Table XIX). 
Forage Production. Considerable var iation was noted between big 
bluestem yields and other species present on the area. 
Total production for the site was 3,175.2 pounds of air-dried 
forage per acre, with big bluestem furnishing over 90 percent of the 
total. Big bluestem produced 2,860.2 pounds of forage per acre (Table XX), 
while side-oats grama and little bluestem produced 260 .9 and 36.8 pounds 
of forage, respectively . The short grasses on the area had a combined 
total of 17.3 pounds of air-dried forage per acre. 
Figure VIII. General view of the ''WaKeeney" soil area . 
Table XVIII. Percentage composition, frequency and basal cover of 
grasses on the "WaKeeney" limy upland range site. 
Species Percentage Percentage 
composition frequency 
Big bluestem 62.2 74.0 
Side-oats grama 28.8 33.6 
Blue grama 4.9 5.6 
Little blues tern 2.9 4.4 
Three-awn spp. 0.9 1.8 
Swi tchgrass 0.3 0.6 
Basal cover 23.2 




































Ser rateleaf evening primrose 
James whitlow-wort 
Purple prairie clover 
White milk wort 
Wild alfalfa 







Table XX. Forage yields of grasses in pounds per acre on the "WaKeeney" 

















DISCUSSION AND SUMMARY 
Relatively few studies of an ecological nature have been conducted 
specifically on limy upland range sites, despite their importance and 
vast extent in western Kansas. The present research was undertaken to 
compare soils and the vegetative structure on five different limy upland 
range sites. 
The surface geological deposits and parent materials of the soils 
are chiefly of marine origin and the soils, for the most part, are 
included in the Chernozem soil group. In the discussion on soils, 
emphasis is given to soil characteristics and qualities and to certain 
principles that should prove useful to the range scientist. 
Range lands are characterized by a great diversity of soils due 
to wide differences in natural factors of soil formation, including 
climate, living matter, parent material, relief and time (Jenny, 1941). 
The natural characteris tics of a soil at any one place are the result 
of the integrated effect of climate and living matter, acting on soil 
parent material, as conditioned by relief, over a period of time (U.S. 
Dept. Agr. Soil Survey Staff, 1951). 
Soils of Ellis county were developed principally on mantlerock 
materials of Cretaceous age (Mesozoic era), with occasional small 
areas in the western edge of the county, where the limy sandstones 
of the Ogallala formation of Pliocene age were exposed. 
Due to widely divergent topography and variations in parent 
materials, soils of the county were highly variable. Sites selected 
for study were located on four different limestone formations of varying 
geologic age. The four formations included were the Ash Hollow member 
of the Ogallala formation; Fort Hays limestone member of the Niobrara 
formation; Fairport Shale member of the Carlile Shale formation; and 
the Bridge Creek limestone member of the Greenhorn formation. Results 
of the study areas were listed, in order, starting with the youngest 
geologic formation and continuing to the oldest. 
Soils of each area included in the study were residual in nature, 
derived from the underlying limestone and shale formations. The "Alcester" 
and the "Clark Deep Phase" soils were more or less mixed with loessial 
deposits. 
Soil phase was a subdivision of the soil type based on characteristic 
differences in slope, soil depth, erosion, or rockiness of the soil 
profile. Soil depth was the limiting factor between the "Clark" and 
the "Clark Deep Phase" soil areas. 
The thickness of horizons on each area was measured in inches, 
perpendicular to the soil surface. Each area was sampled to bed rock 
or to a depth below the greatest accumulation of roots. 
The A
1 
horizon on each area was approximately eight inches, with 
the "Alcester" site having the shallowest A1 horizon of six inches. 
The A-C horizon varied from seven inches on the "Alcester" site to 
twelve inches on the "WaKeeney" site, with the other three sites having 
an A-C horizon of eleven inches. The "Clark" soil site was the shallowest 
with an average depth of nineteen inches, but had occasional deeper 
"pot holes" of silty parent material of varying depth. The remainder of 
the sites had profile depths of sixty inches or more, and had well 
developed c
1 
horizons, with the "Alcester", "Corinth" and "WaKeeney" 
sites having well developed c2 horizons. 
Soil structure classes were based on shape, size and durability of 
the aggregates. The structure of the A horizons graded from weak fine 
1 
granular structure on the "Clark" site to strong granular structure on 
the other four sites. It appeared that a thick mat of tall and mid-grasses 
helped to develop a strong granular structure in the soil. 
The A-C horizon graded from weak granular structure on the "Clark" 
area to strong granular structure on the heavier textured soils of the 
"Corinth" and "WaKeeney" sites. The c1 and c2 horizons graded from weak 
coarse prismatic to massive structure with evidence of bedding planes 
on several of the sites. The D horizon on the "Clark" and "Clark Deep 
Phase" sites consisted of silty like parent material, with an extremely 
high limestone content. 
Color is the most obvious characteristic of soils. Color has little 
to do with behavior, but may indicate important quality differences . 
Dark colored soils are normally higher in organic matter and fertility 
than lighter colored soils. Color differences between the study areas 
and differences within the profiles themselves were due simply to 
differences in decomposition of the underlying parent materials, because 
all the areas were well-drained and well-aerated. 
Soil color of each profile was measured according to the Munsell 
system (hue, value and chroma) and consisted of a comparison of dry 
and moist soil samples with standardized color chips. Soils of the A1 
horizons varied from very dark gray on the "Clark Deep Phase" site to 
dark gray on the remaining sites, when dry, and from black to very dark 
brown, when moist. Subsoils were more varied and the color of each 
depended upon the stage of maturity of the horizon. 
Textural classes were based on amounts of soil grains in each size 
group below 2 millimeters in diameter. The amount of each was determined 
by the hydrometer method of mechanical analysis. 
The surface soil varied from heavy silt loam to loam on the "Clark" 
and "Clark Deep Phase" areas to light clay loams on the other three 
sites. The subsoils varied from light clay loams to heavy clays. 
Indicated high clay content of the subsoils of the "Corinth" and 
"WaKeeney" sites may be due to the high percentage of calcium carbonate 
present. 
Soil reaction refers to the degree of active acidity and alkalinity. 
The pH value of the soil may be the most important single chemical test 
made on a soil when relating that soil to plants. A ten to one paste 
was used in pH determinations and the hydrogen-ion concentration was 
measured by the Beckman pH meter. 
The surface soils ranged from slightly acid on the "Clark" and 
"Clark Deep Phase" soil areas to slightly alkaline on the "Alcester", 
"Corinth" and ''WaKeeney" areas. The subsoils on each of the areas 
were all alkaline in nature. 
The mixed prairie, as defined by Clements (1920), consists of a 
mixture of short and mid-grasses. A comparison of five limy upland 
ungrazed prairies in Ellis county, Kansas, revealed the mixed nature 
of their plant cover. Four of the areas were dominated by a mixture 
of tall and mid-grasses and, for the most part, by the same species; 
while the other area was dominated by mid- and short grasses. However, 
the proportionate amounts of the species present were quite different. 
The area covered by vegetation is perhaps the most widely used 
measurement of the quantity of vegetation. Area covered by vegetation 
may be viewed as an index to relative abundance of plant species for 
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comparison with similar measurements taken at another time or place. 
Big bluestem was the most abundant species present on the "Clark 
Deep Phase", "Alcester", "Corinth" and "WaKeeney" soil areas, while 
side-oats grama was the most abundant species on the "Clark" area. 
On the above four areas, big bluestem comprised over one-half of the 
vegetation. The high percentage of big bluestem on the "WaKeeney" 
site (62.2 percent) may be due to the location of the area near the 
Smoky Hill River where it possibly may receive more rainfall. Side-oats 
grama was abundant throughout the four areas, intermixed with big bluestem. 
Side- oats grama averaged approximately 25 percent of the vegetation on 
the "Clark Deep Phase", "Alcester", "Corinth" and "WaKeeney" soil areas. 
Little bluestem was abundant on several of the areas where the soil 
was more porous due to rock fragments throughout the soil profile. 
Blue grama was found as an understory throughout the four sites where 
open areas occurred in the taller species. 
Side-oats grama was the principal grass on the "Clark" soil area 
and furnished 70 percent of the total vegetative composition. Blue grama 
was abundant on the "Clark" area, intermixed with side-oats grama. 
Big bluestem was found in several isolated clmnps located on the deeper 
"pot holes" occurring in the area. Depth of the soil appeared to be of 
outstanding importance in determining the amounts of taller species present 
on an area, while slight differences in soil texture had no apparent 
effect on the plant cover. Soil reaction did not appear to have any 
significant effect on the distribution of plant species. 
Significant differences among the four most abundant species (big 
bluestem, little bluestem, side-oats grama and blue grama) were expected, 
since selected sites varied widely in vegetative composition (Table XXI). 
Table XXI. Compos it ion of the four most abundant grasses on the "Clark", 
"Clark Deep Phase", "Alcester", "Corinth" and "WaKeeney" 
limy upland range sites. 
"Clark 
Deep 
Species "Clark" Phase" "Alcester" "Corinth" "WaKeeney" 
Big bluestem 11.4 53.9 50.8 54.6 62.2 
Side-oats grama 70.1 24.9 30.4 17.6 28.8 
Little bluestem .4 11.4 4. 6 24.5 2.9 
Blue grama 17.5 3.0 12.2 2.3 4.9 
A highly significant difference existed among the low vegetative 
composition of big bluestem on the "Clark" soil area and on each of the 
other four areas while a highly significant difference existed among the 
high vegetative composition of big bluestem on the ''WaKeeney" soil area 
and the other four sites. There was no significant difference between 
the composition of big bluestem on the "Clark Deep Phase", "Alcester" and 
"Corinth" soil areas. No significant differences were found to exist 
among the amounts of side-oats grama present on the "Clark Deep Phase", 
"Alcester", "Corinth" and "WaKeeney" soil areas, while a highly significant 
difference existed among the composition of side-oats grama on the "Clark" 
area and the other four sites. Little bluestem composition was quite 
varied among the five sttes. A highly significant difference existed 
between the amounts of little bluestem on the "Clark Deep Phase" and the 
"Corinth" areas and also a highly significant difference existed among 
these two areas and the remaining three areas. No significant difference 
existed in the composition of little bluestem on the "Clark", "Alcester", 
and ''WaKeeney" soil areas. The "Clark" and "Alcester" areas had the 
highest vegetative composition of blue grama and no significant difference 
existed between the two areas, while a highly significant difference 
existed among these two areas and the other study areas. No significant 
difference existed ambng the composition of blue grama on the "Clark 
Deep Phase", "Corinth" and ''WaKeeney" areas. 
The "Clark" soil area, composed of mid- and short grasses, had the 
highest basal cover, while the lower basal cover on the other four sites 
was probably due to the thick stands of tall and mid-grasses. 
Although the dominant plants of the ungrazed prairie were grasses 1 
forbs were quite abundant and formed a conspicuous part of the vegetation 
on all five sites. The principal forbs foun d in relatively large amounts 
on all the areas were broom snakeweed, western ragweed, dotted gayfeather 
and stiff golden rod. 
Weight of forage p roduced is one of the most important characteristics 
of range plants and is probably the best single measure of growth (Hanson, 
1950). Considerable variations were noted in total yields even though 
little variation existed in basal cover on the five sites. Total 
production did not vary as much as production furnished by indiv idual 
species. 
The "Clark Deep Phase" site had the greatest total forage production, 
while the shallow "Clark" site had the lowest production of air-dried 
forage per acre. Big bluestem was the principal producer on the deeper 
soil sites and produced 50 percent or more of the total vegetation on 
each site, while side-oats grama furnished over one-half of the total 
production on the "Clark" soil area. Other significant producers were 
little bluestem, blue grama and, on several sites, tall dropseed. 
Albertson, F. W. 
Ecol. Monog. 
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